Abstract
Introduction

52
Soil is a privileged habitat for microorganisms and is amongst the most biodiverse 53 environments on Earth (Tamames et al., 2010) . It is estimated that 1 gram of soil 54 contains about 1 billion of prokaryotic cells (Roesch et al., 2007) . Although the vast 55 majority of microbial soil species are so far uncultivable, in the last decades, the 56 development and improvement of culture-independent methods (e.g., fluorescent in situ To assess such variations, an exploratory comparative study based on the analysis of the 99 454-pyrosequencing 16S rRNA metagenome of rice paddies, was conducted. Bulk soil samples of uncropped and cropped rice paddies at different stages of the alfalfa-rice 101 rotation system were collected before rice seeding and after rice harvesting.
103
Materials and Methods
105
Site description and soil sampling 106
107
The soil samples were collected in an experimental farm of the Portuguese Agriculture The total C and N contents, pH in water and water content of soil were determined 153 following the methods described by Guitián and Carballas (1976 
204
Both alpha and beta diversity metrics were determined using the QIIME pipeline. Alpha hoc Tukey test. Phylogenetic-based comparisons were done using QIIME pipeline.
223
Jackknifed principal coordinate analysis (PCoA) and dendrograms based on physicochemical characteristics, although with some significant differences in pH,
237
water and total nitrogen contents, and concentration of total available phosphorus ( Table   238 1). The total carbon content was not significantly different in the analysed samples. Table S1 ). Among these 19 phyla, sequences classified as Acidobacteria (32.4 %),
263
Proteobacteria (26.3 %), Chloroflexi (8.6 %), Actinobacteria (7.5 %), Bacteroidetes 264 (7.3 %), and Gemmatimonadetes (6.6 %) comprised about 80-90 % of all sequences.
265
Other phyla with average abundance >1 % included Nitrospira (2.7 %), Elusimicrobia
266
and Firmicutes (both averaging 1.0 %). The phyla Chlorobi, Cyanobacteria,
267
Verrucomicrobia, Planctomycetes and candidate phyla, such as TM7 and AD3, were 268 less abundant (abundance ranging from 0.1 to 1 %) (Fig. 2) .
269
Acidobacteria, the most abundant phylum, were represented mainly by sequences 270 affiliated to the classes Acidobacteria (16.0 %, out of which 99 % belonged to
271
"Koribacteraceae") and "Solibacteres" (11.0 %, all included in "Solibacteraceae").
272
Most of the Proteobacteria sequences were affiliated to Alphaproteobacteria (23.3 %,
273
half of which belonged to the Sphingomonadaceae) (Table S2) . Thus, these three were the most abundant families in the analysed metagenomes, representing 26-43 % of the 275 total of sequences ( Fig. S1 and Table S4 ). belonged to the predominant families, and were "Candidatus Solibacter" (10.9 %),
283
"Kaistobacter" (9.8 %), and "Candidatus Koribacter" (3.7 %) of the families
284
"Solibacteraceae", Sphingomonadaceae and "Koribacteraceae", respectively. Other 285 abundant genera included Rhodoplanes (1.6 %) and Nitrospira (1.3 %) of the families
286
Hyphomicrobiaceae and Nitrospiraceae, respectively. The abundance of the other 287 genera was below 1 % (Table S5) . OTUs were common to all samples and unique OTUs were, in general, rare (less than 302 0.1 % abundance). Regardless of the threshold of abundance used to create Venn 303 diagrams, sample ANSsep showed the highest number of unique OTUs (Fig. S2) .
304
Among the 276 OTUs common to the five samples, only 82 had abundance > 0.1 % in 305 all the samples, being considered core OTUs. These OTUs were affiliated to the most 306 abundant phyla, except one that was assigned to the candidate phylum AD3 (Table 3) .
307
As could be expected, the majority of core OTUs was evenly distributed, presenting 308 abundances between 0.1 and 1 %. Exceptions were two OTUs assigned to the families
309
Sphingomonadaceae ("Kaistobacter") and "Koribacteraceae", which represented, on 310 average, 6.9 and 1.3 % of the total recovered diversity (Table 3 and Fig. S1 ). To compare the composition and structure of the bacterial communities of the analysed 315 soil samples, the beta diversity was assessed. In this analysis, the three replicas of each 316 of the five samples were compared as 15 independent data sets. The unweighted and 317 weighted UniFrac-based PCoA explained, respectively, 21.6 and 55.9 % of the total 318 variation among the composition and structure of the bacterial communities, and 319 supported the distribution of samples in distinct groups ( Fig. 3a and b) . ANOSIM 320 confirmed that the groups plotted in both PCoA were significantly different 321 (unweighted UniFrac: R= 0.97, P = 0.001; weighted UniFrac: R= 0.89, P = 0.001).
322
Bacterial lineages affiliated to abundant phyla (Fig. 2) contributed to the variations 323 values and edaphic parameters were determined using Mantel tests (Table 4) . A mild 325 correlation between unweighted distances and water, total carbon and total available-P 326 contents, and C:P and N:P ratios was observed. When weighted distances were 327 considered only correlations with the water and total carbon contents were observed. (Table S6 ). The majority of these OTUs were affiliated to bacterial lineages that 343 correlated most with the different groups depicted in the weighted PCoA ( Fig. 3b and   344 c). Also the higher abundance of unclassified sequences in ANSSep than in the other 345 samples contributed to distinguish its bacterial community from the others. (Fig. 3a and b) , did not cluster
351
( Fig. 3a and b , and S3a and b). Samples of paddies A and B were distributed along axis 352 2 of the weighted UniFrac-based PCoA biplot (Fig. 3b) distinct amongst the cropped soil samples (Fig. 3b and c) .
364
The distinction of the bacterial communities over the crop rotation was supported by than in wet paddy soils (Roger et al., 1993) . In addition, the poor plant cover in the 471 uncropped sub-plot may have also favoured the access to sun light, and thus, the 472 development of these photosynthesizing microorganisms.
473
The stage of the crop rotation affected the bacterial community of cropped bulk soil.
474
Through the weighted UniFrac analysis, a gradient from AApr to BSep was observed. The The rice productivity was higher in paddy A than in paddy B (productivity ratio B:A = 0.63). 
804
The iterations were set to 999. *P < 0.05 and ** P ≤ 0.001 indicate significant correlations. Table S1 . 
